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Supplementary File 1. The Pyrococcus furiosis Pfu GlyRS-IIA homology model (PDB file).    

Supplementary File 2. Supplementary Figure S1. A sequence alignment of archaeal GlyRS-IIA, IleRS-IA and ValRS-IA enzymes.  

Supplementary Figure S1. Alignment of GlyRS-IIA, IleRS-IA and ValRS-IA enzymes. Red shading indicates identity comparing class I and class II aaRS. Yellow 

shading indicates similarity comparing class I and class II aaRS. Zn-binding motifs are highlighted using green shading. Three -sheets (sss) that flank the shared 

Zn-binding domain in class II aaRS are shaded magenta. Shared Zn-finger -sheets are shaded gray. Active site -sheets are highlighted in cyan. Numbers indicate 

e-values for the best local alignments to Pyrobaculum aerophilum GlyRS-IIA. HIGH and KMSKS motifs are conserved for class I aaRS enzymes (annotations below 

the alignment). Motifs 1-3 are conserved for class II aaRS enzymes (annotations above the alignment). Helix is designated hhhh. Not all secondary structures are 

shown. Pfu) Pyrococcus furiosis; Sma) Staphylothermus marinus; Sso) Sulfolobus solfataricus; Pae) Pyrobaculum aerophilum.  

  



                                                                                                                       e-value 

WP_011012774        -   -------------   ------------------------------------------------------------     Pfu GlyRS-IIA 4e-146  

WP_011839420        -   -------------   ------------------------------------------------------------     Sma GlyRS-IIA 5e-146 

WP_009988726        -   -------------   ------------------------------------------------------------     Sso GlyRS-IIA 6e-136   

WP_011838370  1     M[5]LKGQYDPHKVEEW   VKRFWDENQIYkLVKEKSDRSILRFNFIDGPPYPSGdVPHIGTAWNKTLKDIVLRYKRMR  79 Sma IleRS-IA  0.002 

WP_011011404  1     M   LPKNYDPNEIEP-[4]---YWLEEKIY-KYKLEPDKPS--YAIDTPPPFTSG-TLHLGHVLSHTWIDIIARYKRMR  70 Pfu ValRS-IA  0.86 

WP_011839031  1     M   SEQRFKPLIEEKR[8]LYKKWEEMGLF-KFTFREDDPREIIAIDTPPPYASG-KWHVGGAAHYAQIDMIARYFRMK  80 Sma ValRS-IA  2.0 

Q8ZWU4        1     M[6]LPPSYRPHEVKKA   VEEFWRRNRIFeKWK--SWRGGPKFTFLEGPPTTNG-MPHVGHIRGRTYKDVVIRFYRLL  77 Pae IleRS-IA  6.3 

WP_081225707  1     -[3]LTGNYDPKRIEEE   IISYWEENKIYnKLKDIVSKRREKFLFIDGPPYPSSpTPHIGTIWNKVIKDCILRYQRVL  76 Sso IleRS-IA  6.4 

                                                             ssssssss          HIGH 

 

WP_011012774        --------------------------------------------------------------------------------   

WP_011839420        --------------------------------------------------------------------------------   

WP_009988726        --------------------------------------------------------------------------------   

WP_011838370  80    GYNVFDRPGYDCHGLPIEVKVEQKLGVKVKREIeEKIGVDKFVNECKKLVFNNIKSLTKW-FKELGVFMDWENPYLTLRD  158 

WP_011011404  71    GYNVLFPQGFDNHGLPTELKVEKEFGISKDQ-------PEEFLKKCIEWTWQAIEKMRAQ-FIRIGYSADWDLEYHTMDD  142 

WP_011839031  81    GYNVLVPFYADRNGLPVEVQVEKTYGINPHEISkTPEGREEFLRLCRKFLDKAEEDIVKI-WRMLGCSFDY-WRNGTDSE  158 

Q8ZWU4        78    GYDVWVQGGWDMQGMPVEWEVEKKLKLRSKKDI-EQFGLEKFALECNSLVEEYLAYWREWgTKRLGLWLDLENAYETRQP  156 

WP_081225707  77    GKRVHDQPGYDTHGLPIEVATEKLLGISNKQEIiDKIGVETFINKCKEFALSNADKMTQN-FKNVGVFMDWERPYYTLDP  155 

                      sssss ss                                                                 

 

WP_011012774        --------------------------------------------------------------------------------   

WP_011839420        --------------------------------------------------------------------------------   

WP_009988726        --------------------------------------------------------------------------------   

WP_011838370  159   EYIEAGWWLIKKAAEQGLLDREERVVYWCPRCSTTLAEYEV--EYKVLTDPSIYVKFPVRSReKEYLLIWTTTPWTLPAN  236 

WP_011011404  143   WYKAAVQKSLLDFYKKGLIYREEHPVYWCPRCRTSLAKAEV--GYVEEEGYLYYIKLPLADG-SGYIPIATTRPELMPAC  219 

WP_011839031  159   EYRKITQATFIELYKKGLIYEAERPVNWCPRCKTTLADAEL--EHKEAEGYLYYIKFKVKET-GEEVIVATTRPEMLRAC  235 

Q8ZWU4        157   HYLQYAWRIVKRAHELGLLTEDYRVLWFCPRCETSLSDHEValGYDEREDPSIYVKFRVEGGvDEYLVIWTTTPWTIVDN  236 

WP_081225707  156   SYISSSWSVIKKAYEKGMLDKGTAVLHWCPRCETTLSDYEVs-EYRDLEDPSIYVKFKIKGEkNRYLLIWTTTPWTIPSN  234 

                                                CXXC 

 

WP_011012774        --------    ---------------------    -------------------------------------------   

WP_011839420        --------    ---------------------    -------------------------------------------   

WP_009988726        --------    ---------------------    -------------------------------------------   

WP_011838370  237   TFVMAHPD[36]EFPGKKLEGLEYDHPLIDIVP[10]VVMAPEFVTTTEGTGLVHGAPGHGMEDFTVAKKIGIDFIASpI  354 

WP_011011404  220   VAVFVHPD    DERYKHLVGKKVKLPIYEREV    PILADEDVDPNFGTGAVYNCTYGDEQDIVWQKRYNLPVIIA-I  290 

WP_011839031  236   KALVFHPE    DDRYKHLNGLHAINPLYGHEM    IITTYPEVDPEFGTGLVMVCSYGDQTDVKMFRDLGLKPTII-I  306 

Q8ZWU4        237   EAVAVHPD[40]TKKGVELAGVRYIHPLAEEVP[ 8]VVTA-EFVTLEQGTGLVHIAPGHGPEDFELAKKYGLPVTNS-V  354 

WP_081225707  235   VFVMINKD[36]TYKGSELIGIKYEHPLREFVS[10]VVDAGNIVTLTDGTGLVHSATGHGEEDFTVGQKYGFPVVMF-V  351 

  



 

 

                                                                                                Motif 1 

WP_011012774  1     -------------M---KFDKYEYLQDLMRRRGFAWGSFEIYGGARGFYDYGPLGATIKRKIEKK-IREAFIREG-F-FE  61 

WP_011839420  1     -------------MVNKQVDKYQILLDLGKRRGLFWLSYEIYGGVAGFYDFGPNGVLIKRNIINEWLNNLVYNTG-LVLE  66 

WP_009988726  1     --------------MSEVIDK---VLDLAKRRGIFWLSYEIYGGVAGFYDIGPVGVRIKNRIVELWRKYFVKDNGDFVVE  63 

WP_011838370  355   DDEGRFTNVAGKYAGKKVREANPEIIKDLKERGALLHASQITHKYPVCWR---CKTPIVMRATKQWVLRVTKLKEKLINE  431 

WP_011011404  291   NEDGTMNENAGPYAGLKIEEARKKIAEDLEKMGLLYKKEKITHRVLRHTERSSCMAPIELLPKKQWFIKVREFTDDIVEV  370 

WP_011839031  307   DKDGRLTQVAGPLSGLKVEEARRKAAEILEEKGLLVKKEKIKHSVPVCWR---CKTPIQIIHTKEWFLKQLDFKDEIRKI  383 

Q8ZWU4        355   EINGIYNELGGRYKGKHVYDVDKEVTRDLRSKGLLVFEEKIRHEYPHCWR---CGSKLILRADRQWFIAISRIRDKMYAE  431 

WP_081225707  352   NDRGEFTEEGGKYKGLKVRDASKAIISDLKSKNTLFFEGKIVHRYPVCWR---CKTPLILRAIDQWFIRVTKIKDKMLNE  428 

                                                                   CXX---C 

 

                    Motif1                                    CXXC                                                       

                         ssshhhhhh  hhhh s---------------sssss      ssshhhhhhhh         hhhhh     hh                    e-value 

WP_011012774  62    IETPDITPEQVFIASGHVEKFV---------------DPLVECKKCGARFRADHLIEetLGIDVEGKSAEEMT-----KI  121 Pfu GlyRS-IIA 4e-146 

WP_011839420  67    IETPIITPRIVLKASGHEDHFT---------------DPITECTRCGRVFRADHLIEeaLGIRAEGLSMDELW-----KL  126 Sma GlyRS-IIA 5e-146 

WP_009988726  64    IESPMIGPAKVFEASGHVESFT---------------DPIVECNNCKRIYRADHLIEdiLKKSVEGLKPEELT-----RI  123 Sso GlyRS-IIA 6e-136 

WP_011838370  432   AKKVNWIPDWALDRMMHMLENL-QDWVISRQRYWGTPLPIWECPEGHRI-VVGSINE--LEKHG-GKKPKE----LHRPW  502 Sma IleRS-IA  0.002 

WP_011011404  371   AKKINWYPEDMFLRLKDWAESMdWDWVISRQRVFGTPIPFWICKNGHII-----------------PAREED--lPVDPR  431 Pfu ValRS-IA  0.86 

WP_011839031  384   AKTIEFKPEMHRKKLLDWIDSVsSDWPISRDRYYATEVPVWRCRKCGSV-----------------LLPEPG--kYYRPW  444 Sma ValRS-IA  2.0 

Q8ZWU4        432   LQKVNVVPTKLRDRFDIFVQNA-RDWNISRSRVWGTPLPVWRCKKDGRILVIGSLEE--LKKLAKELPPVDDFklVHRPW  508 Pae IleRS-IA  6.3 

WP_081225707  429   IEKVNWIPDWGKSRISNMVKEL-RDWVISRQRFWGTPLPIWICERCNNVMVVGSKEE--LESIAIDPVPND----LHRPW  501 Sso IleRS-IA  6.4 

                        ss                  hh              sss     ss 

 

                            CXXC                    

                    hhh                    ssss   sss       s   -----------------sss    hhhhhh hhhhh 

WP_011012774  122   IREHNI-RCPECGGE---LSDV-WYFNLMFETYIGPYKDKK   -----------------AYLRPETAQGIFVNFKRLN  176 

WP_011839420  127   IKEHNI-RCPECGGE---LTKP-KPALLLFKTEIGPYKGSP   -----------------AYLRPETAQGMFVSFKHVL  181 

WP_009988726  124   IKENNI-RCQYCGGE---LGEV-RLFNLLFTTNIGPYTGNL   -----------------GYIRPETAQGMFTAFKRVY  178 

WP_011838370  503   IDEVEI-KCPICGRP---MKRVPDVMDVWFDSAISFYAAN-   GHPEKLRL-EDV-ILDFIVEGHDQIRGWFFSLLRAG  572 

WP_011011404  432   FDKPPVeKCPVCGAE---IEPVTDVLDCWVDSSITPLIITK[6]GDEEAKKWfEHNFPTALRPQGTDIIRTWAFYTIFRT  511 

WP_011839031  445   KDEPPWdKCPVCGAPkeyLEGEKKVFDTWFDSSISVLYVT-   GYKRNDKLfRKAFKYTLRPQGQDIIRTWLYYSLLRV  520 

Q8ZWU4        509   IDQVKI-SAHDCDEW---V-REPYVMDVWLDSGIAWIAAVD   GENNRDLW-EKLFPYDFVTEGIDQTRGWFYSLLATS  579 

WP_081225707  502   IDNVRV-KCNKCGGV---AKRIPDVADVWFDSGVAFFASL-   GKDWQEKW-KELGPVDLVLEGHDQLRGWFFSLLRSG  572 

                                 hhhhhsss     hhhhhhh   hhhhh   h    hhh-hhhh   sssss hhh  hhhhhhhhh 

                                 

                                                 Motif2 

                    hh      ssss------------ssssss                   ssssssss----------------------- 

WP_011012774  177   AFARNKLPFGVF------------QIGKAYRNEISP-----RQGMIRLREFTQAEVE-----------------------  216 

WP_011839420  182   NIARNKLPLGIA------------QIGRVGRNEISP-----RQGLLRLREFTIMELE-----------------------  221 

WP_009988726  179   EATRQRLPIGIA------------QIGKVGRNEISP-----RQGLIRMREFTIMEIE-----------------------  218 

WP_011838370  573   VLGFQSKPYNTVLVHGFALDEHGREMHKSLGNYVGTDEAIERAGRDPLRFWVSQNTV-WEDLRFSWRGIDEIRRDLGIAW  651 

WP_011011404  512   YMLTGEKPWNDIVINGMVAGPDGRKMSKSYGNVVSPEEVIPKYGADALRLWTALAPP-GEDHPFKWEIVDYNFRFLQKLW  590 

WP_011839031  521   YQLTGKPAFKWVRITGMGLDEKGEAMHKSKGNVIDPEPYIEKYGADAFRYWAAASAKlGYDYRFSEQVIRTGFLFATKLW  600 

Q8ZWU4        580   VLYTGRAPYKNVLIQGLILDKHGQKMSKSKGNVIWAKDLFEKYGADPVRLYILSKVApWEDLSFDPDEVKYVIGDLNILW  659 

WP_081225707  573   LILLDRAPYTSVLVHGFMLDEQGREMHKSLGNYVEPSVVVEKYGRDILRLWLLRNTT-WEDAKFSWKALELTKRDLQIIW  651 

                    hhhhh     sssss  ss                                          ss 

                                            KMSKS 



                    ----------------------------   -------sss 

WP_011012774  217   ----------------------------   -------IFFNPNE--TEHPHF--DEVKDEVLRLY--PIEHQLKDLGMI  252 

WP_011839420  222   ----------------------------   -------FFFDPEKAFEETMKYMTDEIRNEKLNII--TAEDKLRGEEKT  261 

WP_009988726  219   ----------------------------   -------FFIDPED--NNIENIPLYRFKDTKLNIL--TASEKEKD-GKP  255 

WP_011838370  652   NTFVFASTYMNLdkYDPLQHRIDDYKEF[4]DKWLLSRINSIAKKITESLEKYYIHEAARELRKFIVEDVSHWYIRLIRP  732 

WP_011011404  591   NIYRFAERHIKD--FDYEKYKHIELEPL   DRWILSRLHRIIKFATEELEKYRFNLITRELMTFIWHEVADDYIEMIKH  665 

WP_011839031  601   NIARF----ISM--FQKPEKKPM-LRPL   DEATIAYFNNMLKEIDEAYSNLDVFEPITSIYQFIWNYFASHYIELVKS  670 

Q8ZWU4        660   NVVKFADTYMSLdgFDAEKYPLSQWLEK[4]DKWILSELNIMISEFTNFVKNFEFHKAAALWREFVVETLSHRYIRLLRR  740 

WP_081225707  652   NTFVFASMYMNLdnFEPDKYTLDDIIKY[4]DLWILSRFNSMLKKVNESMKDYKVHEMTNYLINFLIEDVSRFYIRLIRK  732 

 

                                                                 sssss                     sssssss 

WP_011012774  253   EL-TAEEA------VKKGYVMNTFFAYYMVMIKRILLDIGIPEDKIRFRQQLPE--------------ERAHYSADTWDA  311 

WP_011839420  262   RKYTAIEL------IENKIVKNPWMAYWMALGNIFLRKLGISSEKIRFDEKLPE--------------EKAHYSEQTFDQ  321 

WP_009988726  256   QEFKLEES------VREKIIIQPWMAYWMAVASSFVKALGINE--FYFEEKLPY--------------ERAHYSKQTFDQ  313 

WP_011838370  733   RVWVEENT---PDKLAAYSVLYYVLEKWLRMMAPFTPFLAEKIYQEVFRKANPElpLSIHLLDWPSIDDEYIDEDLEKIM  809 

WP_011011404  666   RLYGEDE----ESKLKAKVALYELLYNIMLLLAPFVPHITEELYHHIFKEKIGE--KSVHLLQWPEYREDRIDEEAEKIG  739 

WP_011839031  671   RAYNRENKysrEEQEAAWYTLHYILNRTLRALAPIMPFVTDALYTRLYG-------KTVHLEKFPEPEKEWLNKDYQLAL  743 

Q8ZWU4        741   RVWSEEPS---PDKYAAYAVLHDVLKKVLILGSILVPFITEYLWQAYVRKYEKNapESVHLAQYPAAGS--YDKELIYAY  815 

WP_081225707  733   RAWIEANT---QDKIAMYYILYYILKQWIILASTIIPFISEKIYKSFVVNAKE----SVSMESSINYDERFIDNELERAF  805 

 

                                   Motif3                                                                                 

                            s ssssssssss                                                                                e-value                                                                 

WP_011012774  312   EIYSERFGW-VECVGLAYRTDYDLSRHMKMSGADLTVMIHYDKpKIVKKLNVTLNMKKV[5]EKV-KEINEKLKSMSQEE  391 Pfu GlyRS-IIA 4e-146 

WP_011839420  322   EVYTEKYGW-IEVAGYSYRTTYDLSRHIKYSKADLTYFKKYDKpIKKKIVKIVPNPKKI[1]EIVGKDIGTVMKKLNEIP  398 Sma GlyRS-IIA 5e-146 

WP_009988726  314   --IAVINGIKVEISGHAYRGDYDLSRHMKYSGQDLTIFRKYKEpKMIKKKTVIVNNTKL[3]ELR-KKIMELLNGKSAEE  390 Sso GlyRS-IIA 6e-136 

WP_011838370  810   NVIREIYEAAAAARMKAGIKLRQPVK-SLTVYTDRERIREVTR-KYSGLLARLVNVRKV   EAKQVAEIGKIVKYKVSP  884 Sma IleRS-IA  0.002 

WP_011011404  740   ELAREIVSAMRKYKNSHGMPLNAKLKHVAIYATDSYEMLKVIE-KD---IAGTMNIERL   EIVKGEPQLEEKVVEIKP  812 Pfu ValRS-IA  0.86 

WP_011839031  744   -LVQKINSAIWSYKKKNNIKFKEKLT-KKIYLPIEAEKAL----KE---IVDLHKLVNI   EFHSGSPPA---------  802 Sma ValRS-IA  2.0 

Q8ZWU4        816   RELFAVFSALAEARNKAGIKLRWPIR-EAYV-----NGAKYAE-RYTELLKYLGNVKEV   KVGR--------------  871 Pae IleRS-IA  6.3 

WP_081225707  806   EVAREINEASLNARAKAGIKLRWPLA-KVYIFIENEDTLAKVG-RIKDVLISMLNAKDI   EISKIEGFKSFSKYKVEP  880 Sso IleRS-IA  6.4 

 

                                                                          ssssssss 

WP_011012774  392   LRKLVEELNAN   GKVIIEGHELEKEDLIIKEVEEKIQGEKIV---------PHVLEPSFGIDRPFYLLLENSLTVDED  459 

WP_011839420  399   AEKILEELNKN   NYVEISNYKLSRECFIISEKEETIHGEKII---------PHVVEPSFGLERIFYVVLENSISIARD  466 

WP_009988726  391   IEQMIR-----   NNVMIDDKPLS-EFINIVEREEKVHGEHFI---------PHVVEPSFGVERTLFLTILSAYK-EKE  451 

WP_011838370  885   IYRVIGPLYRK[6]NYIMENQESIARDIIRKGEHTAYIEGQEIKLTKEQVLITPSYV-EGYSVEEREWGSVAIDTRLSKE  966 

WP_011011404  813   IYKRIGPRYGK[6]KHLQENAEEIGRRIKEEGKVEFEVEGQKVVLEKEDIEIKKAVFSEGEEVET---------------  880 

WP_011839031  803   -----------   -----NAEKIG---------------EEVYIEK---------------------------------  815 

Q8ZWU4        872   -----------   -------------------------------RPDYLCVKEGEL-E-----------VCVPDKIEPE  894 

WP_081225707  881   NRSIIGKEYKS[6]EYIENNRDIIAMDILNKKQHVAKIDNFDIILNASYVIISEETV-EGFISSKFSKGIVVISKEISES  962 

  



 

 

WP_011012774  460   G    RVYLKIKKDMAPIEVAVLPLVA-----KEPLTTIAYEIYRNLQKEGFIVVYDEKDSIGKRY---MRYDEIGTPYC  527 

WP_011839420  467   G    RIVLKLPPRIAPYKVAVFPLVTGNKPEHKKMVSIARQVYRALLENNILAYYDEEGSIGRRY---ARADEIGIPYA  539 

WP_009988726  452   G    RVLLSLPRHLAPYDIAVFPLLE-----REELIRKSVEIRESLSEK-YEVLYDDSGSIGRRY---ARADEIGIPFA  518 

WP_011838370  967   E[11]RIQVMRKEINLPLDAKIETYIYAPRKHVE-LLKPYTEYIKNETRSEKLTYLDTPEQLEKIQgyrKEWEIQGEQYI  1052 

WP_011011404        -    ---------------------------------------------------------------------------   

WP_011839031        -    ---------------------------------------------------------------------------   

Q8ZWU4        895   L[11]RIQVMRKETGLEISDEIHVVVETNSDDIKKAVEQYRDYIARETRAVKLII----DAVSQ----gKEWDISGEKVK  973 

WP_081225707  963   E[11]RIQFMRKQLKLNVLDYIEISMKVPEERVK-TIQKWEEFIKSETRASNIILGEAKGDITM------DWDIEGESYI  1042 

 

WP_011012774  528   VTVDNQTPEDG[30]  568 

WP_011839420  540   ITIDYQTLEDE[38]  588 

WP_009988726  519   ITVDPQTLVDN[45]  574 

WP_011838370  1053  IVIKQL-----      1058 

WP_011011404  881   AVVRDATILFF      891 

WP_011839031        -----------       

Q8ZWU4        974   IEIRKAQA---      981 

WP_081225707  1043  IGIKKST----      1049 

 

      

 


